A 55-year-old woman, with a one-year history of headache, gait disturbance, and slight aphasia, was transferred to our hospital after head injury. Magnetic resonance (MR) imaging and computed tomography revealed a large meningioma with peripheral edema. However, priority was given to previously planned gynecological surgery for uterine cancer. She developed severe anemia after the surgery, followed by consciousness disturbance. MR imaging revealed spontaneous tumor necrosis. The meningioma was totally removed. Her consciousness improved, and she was discharged with no neurological deficit. Patients with large meningioma may suffer deterioration of symptoms due to central tumor necrosis triggered by acute anemia.
Introduction
Meningioma is the most common type of extra-axial brain tumor, accounting for 13-26% of primary intracranial neoplasms. 8) Computed tomography (CT) and magnetic resonance (MR) imaging show meningiomas typically as sharply demarcated, extra-axial mass lesions with dense, homogeneous contrast enhancement. 4) However, approximately 10-15% of benign meningiomas have atypical neuroradiological patterns such as rim-like enhancement or cyst formation, which may indicate central necrosis. 1, 2, 17) The mechanism of central necrosis has not been clarified in detail, and only a few reports have documented progressive central necrosis with serial neuroradiological images. 18) Here we describe a case of meningioma with acute deterioration due to central necrosis triggered by acute anemia, with serial neuroradiological images.
Case Report
A 55-year-old woman was transferred to our hospital after head injury. She had a 1-year history of headache, gait disturbance, and slight aphasia. Her Glasgow Coma Scale score was 14 (E4V4M6) with slight disorientation, and she had urinary incontinence. Head CT revealed a huge tumor in the left frontal lobe. She was admitted on the same day. MR imaging with contrast medium showed a well-demarcated tumor with almost homogeneous enhancement and peritumoral edema (Fig. 1 ). She had a severe allergy to iodine contrast, so angiography was not performed.
Before the present admission, surgical intervention had already been planned under a diagnosis of uterine carcinoma and myoma uteri by the Gynecological Department of our hospital. Priority was given to the gynecological surgery considering the possibility of malignancy and rehabilitation after surgery for brain tumor. Abdominovaginal hysterectomy was performed 2 weeks after admission. She developed severe anemia with hemoglobin 6.5 g/dl because of intraoperative hemorrhage. Two days later, she developed consciousness disturbance with Glasgow Coma Scale score of 10 (E2V3M5) and right hemiparesis. CT showed a low density area in the tumor and enlargement of the peripheral edema. MR imaging revealed central tumor necrosis that had occurred spontaneously after the gynecological surgery (Fig. 2) . She was treated initially only with iron preparation and her severe anemia persisted for one week, until blood transfusion. However, normal blood pressure was maintained during the perioperative period.
Bilateral frontal craniotomy was performed 2 weeks after the hysterectomy. The tumor was soft and grayish, and easy to suction with an ultrasonic device. The margin between the tumor and normal brain was clearly visible. The falx with the tumor attachment was also removed. Yellowish necrotic tissue was observed within the tumor. Total tumor removal with Simpson grade 1 was achieved.
Histological examination showed meningioma with marked degeneration, necrosis, and occasional atypical nuclei, but without atypical nuclear mitosis (Fig. 3A, B) . MIB-1 index was low in most areas, but exceeded 10% in some areas (Fig. 3C, D) . After the operation she became alert, and the hemiparesis was improved. She was discharged 1 month after the second operation without neu- 
Discussion
Central necrosis is defined as massive breakdown of a large tumor with cyst formation, and should be distinguished from focal necrosis, which is suggested to be a risk factor of recurrence. 2, 3) The most common mechanism of central necrosis in meningioma is suggested to be ischemia caused by sudden occlusion of tumor feeding arteries. 11) However, present histological specimens show no obstructive vessel in the viable tumor. Islands of surviving meningioma cells adjacent to the remaining patent vessels surrounded by extensive necrosis is a histological characteristic called the oasis phenomenon, and strongly suggests ischemic necrosis. 10, 17) The oasis phenomenon was not clearly observed in our case, but necrosis was remarkable in the center of the tumor. The surface of the tumor was not necrotic, presumably due to adequate blood supply from the superficial feeding arteries. Therefore, we suggest that the postoperative severe anemia caused ischemic change in the tumor, resulting in the central necrosis. A previous case of meningioma showed central necrosis after cardiopulmonary arrest, indicating a strong relationship between central necrosis and ischemia. 15) Interestingly, this patient did not develop any ischemic changes in her brain, as in our patient, indicating that meningioma cells may be more vulnerable to ischemic change than normal brain tissue. In our case, the MIB-1 index was relatively high at about 10% in some areas of the tumor. Meningiomas show occasionally tumor necrosis after embolization. High MIB-1
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proliferative indices of up to 7.1-18.5% were found in 4 of 15 cases of benign meningioma after embolization. 14) High MIB-1 indices were also found in 9 embolized meningiomas with necrosis compared with 13 cases without necrosis. 12) Therefore, high MIB-1 indices in post-embolized meningiomas may indicate a temporary reactive response to necrosis, and not high grade (atypical and malignant) meningioma. [12] [13] [14] In our case, most tumor areas had low MIB-1 indices and no mitotic figures. Consequently, the histological diagnosis was benign meningioma with central necrosis, not atypical meningioma.
In cases of intravascular embolization of meningiomas, tumor necrosis occurs 24 hours after feeding artery occlusion and tumor swelling is observed a few days later. 6, 7, 16) Similarly, our patient showed subacute deterioration following the acute progress of anemia due to gynecological surgery. Several cases have shown acute or subacute symptomatic deterioration associated with central necrosis. 5, 9, 11, 18) Since our patient already had a large tumor and massive edema, progression of additional perifocal edema and tumor swelling could have caused the worsening in neurological symptoms after central necrosis.
The present case provides indications for better clinical management for large meningioma, and emphasizes the possibility of acute deterioration due to tumor ischemia and necrosis triggered by other systemic disease.
